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IMPROVED METHODS FOR DETECTING AND MEASURING SPECIFIC 




NUCLEIC ACID SEQUENCES 



CROSS-REFERENCE TO RELATED APPLICATIONS. 

ICMMMLJ The present application, claims She benefit and incorporates by refensate© 

the entire disclosure of U.S. Provisional Application No. 60/517,399, filed November 6, 
2C03-. 



FIELD OF THE INVENTION 

|<3xiMD2J . The present invention relates generally to the detection and mi 
of nucleic scads. More psatiailariy, it relates to & novel method of 
g specific sequences of nucleic acids from biological materials. 



BACKGROUND OF THE INVENTION 



The detection sand measwesnent of specific nuckaic $&m sequences tove 
ant too! foir basic genetic in^sarch, medical and vefemnsay 



IMlllfc*Jll«i! 



disgpoo^^ A nraabeff of tochniqijra httwe been dte^sfoped 

to dte&sst and measure ™d<sic sod squmoss, however, with to recent publication of to 
sespsqic© of flue Ihwnsroi gsiMMiie as well as to seqpsences of a vari<sty of non-hraman 
gMi^ jrsmgmg torn mice to bacteria,- ooBsidsrable exdten<2at has fossa ©og^dsred by 
to soHC&Ded gsaa© Eodcroarray technology. This relatively n©w teritoolo^ offers to 
potential of simultaneity detecting sand measuring toosands of mmMo ©did 

Indeed* to tomm gmom has approximately 35,000 @§nes, sfflMS -gene 
asray technology has to potential of enabling to detection and memasOTitent all 
sim^Itoaoomly. Tine notion behind this tedhnology is to uritiMzs tJfc© inheaent 
ability of single steaded nucleic adds {both, deoxyriboouddc add cur ONA and 
xiboBBcMc acid or RNA) to hybridize to a complementary single-strand o%oniidteotide 
sequence through Watson-Crick base-pairing in ordear to detect to presence and aanoimt 
of specific nucleic acid sequences in biological samples. 

■ * 

[MMM] One of to most .esdtang areas to which nfeoarmy ^scbnology is 

bdng appHed is functional genomics. While knowledge of to sum total of to *genes in 
a genome is e&tranely important, it is perhaps moire important to toow- whidbt of tose 
genes aire fbactioning at a particular time in a particular ceE or tissue. For -gen® 
sepipesented in to DNA to function they must first be transcribed into mss&mgssr 3SNA 
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(mRNA), and the mRNA must then be translated into protean. By measuring specific 
mRNA sequences one can determine which of the genes represented in the genome are 
functioning at a particular moment in time. Many disease states in humans and animals 



characterized 



prognosis. 



removed fe 



In a co] 



ibodim< 



procedure, and them after purification 
don, an enzymatic process . whereby 4 



converted into a complementary DNA (cDNA). During 



transcription % 



ss either fluorophdre-labeled nucleotides, or nucleotides wife 
chemical side-groups that allow fiuorophores to be attached, are added. After the dDNA 
is fluorophore-labeled, it is added, to a detection system usually involving a 
complementary oligonucleotide attached to. a solid substrate. Und^r-conditions -suitable 
for hybridization, the fluorophore-labeled cDN A is "captured" to the solid surfeos by 
complementary base 'pairing; and thai 'following a wash step to mnove th© mm- 
hybridized cDNA,- the hytaidipsd cIDNA is measured- by one of several sfeKSaad 
fluorimetric techniques, the end result of this procedure is the detection, and m some 
cases, quantification of the expression of specific genes by the measurement of ttear 
mRHAs. 

[OOQMSS Notwithstanding the attributes of modem gome microaaray technology, it 

has many problems that need new solutions. For instance, wtosa us@dl for gigaae 
expression analysis, the mRNA to be measured must be -purified fan the cells or «5j 

o add the flwmjphc^e. TMs 
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time consuming technique 



laboratory 



equipment and reagessfts. Moreover, because the method involves a washing stesp to 
remove the lanhybridized cDWA, it 



BRIEF SUMMARY OF THE INVENTION 

[000731 . The present invention provides improved methods for detecting and 

measuring specific nucleic acids. In one aspect, the present invention provides nucleic 
acid detection methods that are rsspid and cost^Sfective. In another aspect, the psnssent 
invention provides in vitro, in vivo, or in situ diagnostic medhods. 4br quantitatively 
measuring multiple, specific nucleic acid sequences Scan bMogical samples. 



[Wm According to some embodiments, - Ae nucleic acid detection ami 

measureaneat methods of the present invention do not mprize RNA puri&cation, 
production of cBNA by reveree transcription, or chemical labeling of the nascent <:DNA 
slbrand. Moreover, the methods can be reversible and do not inspire a wash step; thus 
they as© suitable for real-time in vivo or in situ gene ercpsssssion analysis. 
[ffiflMMJ] • like the majority of nucleic acid detection. meJhods using gene 
microasrays, many embodiments of fine invention use a singlb-siranded UNA captee 
oMgonucleotide with a sequence complementary to that of the nucleic acid to be 
measured. This captuire oligonucleotide can also be other detectable nucleic acid 
molecules* such as RNA, 2M>snethyl oligoribomuscleotid©^ or have a /chemically 

* 

modified badkbone sudhi as a- backbone based on peptide linkages or a backbone with 



ihiolates instead of phosphate groups. This emptor© oBgomscleotide 
solution or attached to a substrate sraport. Various me&ods aae 



WL 



the art &ff attac^^ The. attachment can 

be covaltent or non-coval©at For instance, a ■ "Smctioaal chemical group can be 
incorporated into the oligonucleotide. The functional chemical group ©an inm a 
covateat bond to another Pactional chemical group on She siappoarfc. Examples mdtude, 
but as© not limited top ikoctional groups that can be incorporated into the stoat-loop 
strand using phosphoramidite psrecussoirs in standard solid phase synthesis. Some 
specific samples of these fbndfion gromps sure: • thiol or disnaffide groups for sel£ 
assembly onto a metal (ag, gold, silver, copper) susfece or for ipesction with a substrate 
surfece that is -dedvafiized with thiol or disulSde itgactive groups <e.g. ©arylamMe, 
eposdde, thiol); sea amino group for reaction with a -substrate surface that is dbrviatis©d 
with amino reactive groups (e.g. cairbo:syiic acids, siissciinimides, anhydrides);, or an 
®53rylamide group for reaction with a substrate surface feat is derviaiized with acsylaanide. 
stsactive gromgps (eg., thiols). The following refea'eKSces axe provided as emnples of 
methods of attaching oligonucleotides to substrate supports: Fodor eft aL, 5,744,305; 
Beier and Hoheasel (1999) Nucleic Adds Research 27:1970-1977; Memeyer and .Blohm 
(1999) Angew. Chem. ML Ed. 38:2865-2869; Rogers, Y-H. et aL (1999) AnaL Biochesn. 
266: 23-30; Schema, M. "BNA Microarrays. A Practical Approach", Ok&a&lMvm&y 
Press, New Yoak, NY, (1999); Schena, M. 'Microasrray Biochip Technology", Eaton 
Publishers., Nataick, MA, (2000); Zammatteo, N. <st at -(2000) Anal. Biochem. 2S0:143- 
150: P&rang, MJC. £2002) Aagew. Chem. Int Ed. 41: 1276-1289; Charles, P.T. et aL 
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(200S) Langmuir 19:1586-1591. Schena, M. 'IVlkacoasray. Analysis*', Wiley-Iiss, 
Hoboken, NJ, (2003), all of which are incorporated herein by reference in their entireties. 
[002®1 110 one embodiment of the invention, the capture oligonucleotide is not 

directly attached to a surface, but rather has a 3* sequence complementary to that of am 
address- oligonucleotide that is chemically attached to the surfece. This attachment 
means avoids the expense of having the longer capture oligonucleotide chemically 
modified at its 3' end to enable chemical attachment directly to the surfece. Moreover, 
this facilitates the easy subassembly of the capture oligonucleotides on the substrate 
surfece. Another feature of the single-stranded capture oligonucleotides *>f this 
embodiment is that they have base sequences that cause them to fosm hairpins or stem- 
loops tat room temperature. However, when these capture oligonucleotides hybridize 
with a complementary nucleic acid strand, the single-stranded capture oligonucleotides 
cast no longer form the hairpin or stem-loop secondary structures but remain in the linear 
configuration. Another feature of the capture oligonucleotides of this embodiment is that 

with a common sequence that enables the hybridization of a 
fluorophore-labeled reporter oligonucleotide sequence. When the hairpins are in the open 
configuration, excitation of the fluorophores attached to the hybridized reporter 
oligonucleotides results in a characteristic emission of photons (fluorescence). However, 
when flue capture oligonucleotides are in the closed hairpin or stem-loop configuration, 
the fluorophores. on the reporter oligonucleotides are bsnritght into close proximity to 
guanosine bases strategically placed 3' to the point whore the hybridized bases form the 
hairpin oar stem-loop (haiipin-forming sequences). Upon excitation of the fluorophores 
under these conditions, the fluorescence emissions are qrosfccfoed- This quenching 
preferably is revemble. 

[©©HI J Other quenching mechanisms can also be used in the present invention. 

For instance, photoinduced electron transfer {ox photoinduced -chuge transfer) may occur 
between luminescence compounds (fluorescence, ptosphoreseence, -.and 
electroluminescence> or luminescent nanoparticles and naturally occurring nucleotides 
(e.g., guanosine nucleotides), synthetic nucleotide analogs, oter synthetic quenchers 
(including quenchers that intercalate into DNA or RNA duplexes, or quenchers that 
be incorporated into an oligonucleotide torn a precursor such as a phosphorami 
monomer by solid-phase oligonucleotide synthesis), or metals (<s^g. s bulk 
nsmAnsnticleaYas ouenchers. Some examples are illustrated infbut not exclusive to] 
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references below: Schema et al, (1995) Science 270:467-470; Claus, e£ al. (1996) J. Phys. 
Chem. 100:5541-5553; Lewis aad Wu, (2001) J. Photochem, and PhotobioL C: 
Photochem. Rev. 2: 1-16; Lewis, et al. (2001) Acc. Chem. Res. 34:159-170; Prasamna de 
Silva et al. (2001) Trends in Biotechnol 19:29-34; Torimura et al., (2001) Anal. Sci. 
17:155-160; Thomas et al. (2002) Pure Appl. Chem. 74:1731-1738; VuOey et al., <2G02) 
Res. Chem. Interned. 28:9S815; Yamane, A (2002) Nucleic Acids Research 30: ©97; 
Du et al., (2003) J. Am. Chem. Sec 125: 4012-4013; Kawai, K., aad Majima T. (2003) J. 
Photochem. PhotobioL C: Photochem. Rev. 3: 53-66; May, et aL (2003) Chem. Comm. 
970-971, all of which are incorporated hearein by reference in their entireties. All of these 
quenchers can be inoorpoB^ted oar attached to the capture oligonucleotides of the present 



invention. 



P©1121 Many embodiments of the present invention afxozd -sevesal sngnaficant 

improvements to standard nucleic acid detection aad measurement technology. Fear 
example, many capture oligonucleotides of tbe present invention do not . require any 
chemical modifications for attachment to the substrate surface or fiw ixsooiqpomtioa of a 
fluorophore, aad therefore cam be synthesized economically. For another (example, many 
capture oBgonBcleotides of the present invention can be. self-ass©nbled on q®3 or mis© 
substrate supports, thereby msMng the manufacturing of the nucleic acid defcesstar quick 
aad inexpmsive. to on© ©ooibodlisnent, each one of the thousands . of capture 
oligonucleotides in a tage assay bas the . same tail sequence, thereby allowing the/use of a 
single fhoQ8£®8&8Rt. reporter oligonucleotide. In another ©inbodiment, the florescence 
quenching output is swsrsiible, and all components of the detection sysfesm sse 
mobilized. This allows for real-dime in situ nucleic sod detection. ■ 
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PMML3J In one aspect, the present invention provides nucleic acid • sraays 

comprising a substrate and a nucleic acid complex. The nucleic acid complex comprises 
an anchor nucleic add molecule that is stably attached to the substrate, 
oligonucleotide of the present invention that is hybridized to the anchor nucl 
molecule. The oligonucleotide comprises (1) a hairpin-forming -sequence capable of 
foaming a stem-loop and (2) a reporter-binding sequence capable of hybridizing raider 
nucleic acid array hybridization conditions to a fluorophos^labeled reporter sequence. 
In many instances, the reporter-binding sequence is complementary to the Suorophores- 



labeled reporter sequence. 



[00141 Formation of the stem-loop in the oligonucleotide modifies- -the 

fluorescence signals of the fluorophore-labeled reporter sequence when the reporter 
sequence i& hybridized to the oligonucleotide. In many cases, formation of the stemrloop 
quenches the fluorescence signals of the fluorophore-labeled reporter sequence. For 
instance, formation of the stem-loop can quench the fluorescence signals of the reporter 
sequence by at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or moste, as 
compared to that when the stem-loop is in an open configuration, In many other -cases, 
disruption of the stem-loop produces a detectable increase in the fluorescence signals of 
the fluorophore-labeled reporter sequence when the reporter sequence is hybridfl2©d to 
the oligonucleotide. Disruption of the stem-loop can be achieved, for example, by 
hybridization of the oligonucleotide to a suitable target sequence which forms base- 
pairing with at least part of the hmpdn-formirng sequence. 

[001SJ In one embodiment, an oligonucleotide of the present invention is stably 

associated with a nucleic .acid array via hybridizing to an anchor nucleic acid molecule, 
and the oligonucleotide is also hybridized to a fluorophore-lafoeled reporter sequence. 
The oligonucleotide may or . may not form the stem-loop or be hybridised to the teget ' 
sequence. In. addition to the use of an anchor nucleic aod molecule, ths jpa^sat 
invention also contemplates the use of other means for attaching oligonucIeoSMes 
nucleic acid arrays, as. appreciated by those of ordinary sSdll in the art. 
[©©16]} In one specific example, an oligonucleotide of the pinssent invention 

least one guanine base ^snch as 1, 2, 3, 4, 5, or mouss guanosasaes). 
Formation of the stem-loop in the oligonucleotide bring? the guanine base(s) into cfose 
proximity' to the fluorophore-labeled reporter sequence whesa the reporter sequence is 
h^ridiasd to the oligonucleotide, thereby quenching ihe ffluosfcsceKBce signals of the. 
rooster sequence. 

[©©AT]] In another specific example, an oligonucleotide of itihe present invention 

composes, ficm the 3 9 end to Sue 5* end (or from the 5* end to the 3 9 enst), a E^orte-- 
binding sequence, a hairpin-fomiiing sequence, one or more guanine bi$e(8)* ainsd a 
sequence capable of hybridizing to an anchor nucleic acid molecule* 
[©©181 Any type of nucleic acid array is contemplated by the present invention, 

such as traditional macroaxrays, bead arrays, or microplates. Each of the nucfeic asdd- 
arrays includes a plurality of discrete regions. The locations of th&e dis*srete regions on 
a nucleic acid arrav are either predefined or determinable. Each discrete gegion may be 
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stably associated with an anchor nucleic . acid molecule. Tib® anchor molkecuies in 
different discrete regions preferably have die same sequence. Anchor molecules with 
different sequences can also be used. . 
. [©019) ' Eadi .anchor molecule can be hybridized to an oligonucleotide of the 
. present invention. The oligonucleotide in each different discrete region preferably is 
■; different, e.g,, comprising a differmt target-binding sequence. The oligonucleotides in 
difl&ent discrete regions can also have the same targ^-binding sequence. In one 
embodiment, a nucleic ©cad array of the present invention include at least 5, 10, 20, 30, 
40, 50, 100, 500, 1,000, m more different capture oligonucleotides of the.pasesent 
invention.-. 

[(M)2®] Cajptee. oligonucleotides can also be stably attached to a raacJeic acid 

array without binding to the anchor molecules. These capture oligonucleotides can be 
attached to differ^snit discrete regions on a nucleic acid array via covalent or non-covalent 
interactions. 

P®21J The present invention also features nucleic acid -complexes comprising an 

oligonucleotide of the present invention. The oligonucleotide comprises a reporter- 
binding sespence that is hybridized to a ffluorophore-labeled reporter sequence. Tine . 
oligonucleotide also comprises a hairpin-forming sequence capable of Zoning © stem- 
loop. Formation of the sten-loop modifies (e.g., quenches) the iuorescence signals of 
. the reporter sequoace. JDasrui^tion of the stesn-loop (e.g., by hybridizing to a target 
sequence) can produce & detectable change (e.g., an incassase) in She fluorescence signals 
of the iSuoroplhore-labdledl mgporftsr sequence. 

[<DXB)22]j - la addition* the present invention fetoes methods for detecting the 
presence or absence of a target sequence. The methods comprise the sfeqps x>£ 

hybridizing an oligonucleotide of the present invention to a nucleic acid 
sample and a fluosophoire-laSjeled reporter sequence, wherein the oligonucleotide 
comprises (1) a hairpin-foraning sequence capable of forming a stemirloop and 1(2) a 

.. sequence capable of hybridizing under nucleic acid army hybridation conditions to the 
fluorophore-labeled reporter sequence, wherein the oligonucleotide is capable of 
hybridization under nucleic acid array hybridization conditions to the target sequence, 
and hybridization of the oligonucleotide to the target sequence prevents formation of the 

. stem-loop in the oligonucleotide, and wherein formation of the -stem-loop quenches 

- 

* 
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fluorescence signals of the fluorophore-labeled reporter sequence when the *epofcter 

♦ * 

sequence is hybridized to the oligonucleotide; and 

detecting the fluorescent signals of the reporter sequence. 
An increase in fluorescence signals of die fluorophore-labeled reporter sequence in the 
presence of the nucleic acid sample compared to that in the absence of the nucleic acid 
sample is suggestive of the presence of the target sequence in the sample, while no 
significant change in fluorescence signals of the fluorophore-labeled reporter sequence in. 
the presence of the nucleic acid sample compared to that in the absence., of the nucleic 
acid sample is suggestive of the absence of the target sequence in the sample. 
[0©23>J Furthermore, the present invention featoes methods for detecting 

sequence differences between a target sequence and a sequence of interest The methods 
comprising the steeps off: 

hybridizing an oligonucleotide of the present invention to the sequence of 
interest and a fluorophore-labeled reporter sequence, wherein the oligonucleotide 
comprises (1) a hairpin-forming sequence capable of forming a stem-loop and (2) a 
sequence capable of hybridizing under nucleic acid array hybridization conditions to the 
fluorophore-labeled reporter sequence, wherein the oligonucleotide txnnspdses a 
sequence that is complementary to the target sequence, and hybridization of tfes target 
sequence to the oligonucleotide prevents formation of the stem-loop in the 
oligonucleotide, and wherein formation of the stem-loop quenches fluorescence signals 
of the fluorophore-labeled reporter sequence when the reporter sequence is hybridised to 
tJhxs oMgpnucleotidle; md 

detecting the fluorescent signals of tihe reporter sequence. 
A decrease in fluorescence signals of the fluorophore-labeled reporter sequence in &© 
presence of the sequence of interest compared to that in. the presence of the target 
sequence (e.g., in the same concentration as the sequence of interest), together with an 
increase in fluorescence signals of the fluorophore-labeled reporter sequence in the 
presence of the sequence of interest compared to that in. the absence of the sequence of 
interest, is suggestive that the sequence of interest is homologous to but different from 
the target sequence. In one example, the sequence difference between the target 
sequence and the sequence of interest is a single nucleotide mutation. Examples of 
single nucleotide mutations amenable to the present invention include, but aie not limited 
to, nucleotide substitution, deletion, addition, or another modification that affects base- 
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pairing ability. The present invention also contemplates detection of two or more 
nucleotide differences between the target sequence and the sequence of interest 



JRIEF DESCRIPTION OF THE IMAWINGS 



[©©251 
umeasi 
[0026) 
with a 
[M27| 



The drawing? are provided for illustration, not limitation. 
Figure 1 illustrates the components of a nucleic acid detection and 
mt system of the present invention.' 

Figures 2A-2C -contrast two known forms of GMbase quenching (A and B) 
vel G-toase qismchmg of the present invention ^C). 

- FigU3r&.3A-3C demonstrate the operation of a nucleic sdd detection 5 
measurement system of the present invention. Figure 3 A shows an open «>nfigurati 
a capture nucleic add; Figure 3B indicates hybridization with a tasget molecule 
Figure 3C illustrates formation of a stan-loop in the capture nucleic acid. ■ 
[©©281 Figures 4A-4C indicate different experimental configurations vm 

show that G bases on the hairpii 
itaorescence quenching of RO-TA& 
[©©29J Figure 5 shows fluorescence spectra demonstrating that tS. foasss on the 

hairpin loop of fihe capture oligonucleotide cause fluorescence quenching of RO- 
TAMRA. 

P©3®1 FigBssr^ 6A 

diSnaonsteate that hybridi 



6B depict two esqperirnental configurations used to 
of a tasget oligonucleotide taps the capture 
oligonucleotide in the haixpin-cpened fonn and thus decreases the quencihring of RO- 
TAMRA by the pmoodmal G bases. 

|[©©31]] Figure 7 shows fluorescence spectra demonstrating that the eS&ct of a 

24mer target on the emission intensities of fine RO-CO and RO-CCO hybrids. 
[©©32J Figure 8 shows the detection of a 24mer target by R0*CO hybrid at 

temp^ratare (no pemixing or preheating of 24mer with CO). 
P©33] Figure 9 illustrates the detection of B7-67mer by RO-CO hybrid at 

temperature (no premising or preheating of B7^7mer with CO). 
[©©34] . Figure 10 describes the effect of the address oligo on quenching. 
P©3§] Figure 11 illustrates that a single base mismatch between a target 

oligonucleotide and the sequence in the capture oligonucleotide can be defected as a 
difference in emission intensity. 
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DETAILEI> DESCRIPTION OF THE INVENTION 



I. 



DEFINITIONS 



certain f 



In order that the present invention may be more readily understood, 
& are first defined. Additional definitions arte set forth throughout the 
dialled description. 

[0©37J In this application, the use of the singular includes tine plural unless 

specifically stated otherwise. Also, the use of "of 9 means "and/or** unksss st®4© 
oth<srwis@. 

[0©381 Hie terms "target nucleic acid" refers to the nucleic acid sequence that is 

to be detected or measured using die improved methods of the present invention. A 
target nucleic acid may be deoxyribonucleic acid (DNA), -ribonucleic add (RNA, 
including messenger ribonucleic acid or mRNA), or oth^r types of nuclei© acid 



[®(Q)3S>J The tennm "base pair 5 " refers to a pair of nucleotide bases (nucleotides) 

each in a separate single stranded nucleic acid in which each base of the pair is womr 
covalently bonded to the othesr (e.g., via hydrogen bonds). For instance, a Watson-Qnbcfe 
base pair usually contains one purine and one pyrimidine. CSuanosine can pair wiiSsi 
cytosine (G^-C), adenine can pair with thymine (A-T), and uracil can pair with adman© 
(U-A>. The two bases in a base pair are said to be complementary to each other. 
[©04(D)]) Hie torn "oMgonucleotide*, as used tensin, refers to a molecule 

comprised of two or more nucleic acid residues d©oxyribonucleo(tiidles, 
ribonucleotides or modified forms thereof). Any method can be used to prepare 
oligonucleotides of th© present invention. For instance, oligonucleotides can. be 
synthesized chemically, or expressed from a suitable construct or vector. As used herein, 
an oligonucleotide can be a polynucleotide and comprise at least 10, 20, 30, 40, SO, or 
more nucleotide residues. 

[00411 The terms hybridisation" or "hybridize' 9 include the specific binding of 

two nucleic acid single strands through complementary base pairing. Hybridisation 
typically involves the formation of hydrogen bonds between nucleotides in one Bucleic 



acid stra 
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^responding nucleotides 
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[©©42} The term belting temperature 99 (TnO is defined as the temperature at 

which 50% of the nuncleic acid strands in a specific nucleic acid duplex dissociate at a 
defined ionic strength, pH, and nucleic acid concentration. For hybrids less than 18 base 
pairs in length, T m (°C) may be calculated as T m = 2(# of A + T bases) + 4(# of O + C 
bases). For hybrids between 18 and 49 base pairs in length, T m (°C) may be-cdculated as 
T m = 81.3 + IG.SOogfioNa**) + 0.41(%G + Q - (600/N), where N is the nranber of bases in 
the hybrid, mid Na + is the molar concentration of sodium ions in the hybridization buffer. 
[©©43J . The teams "hairpin or steam-loop", as used herein, describe a secondary . 
structure formed by a single-stranded oligonucleotide when complementary bases in one 
part of the linear strand hybridize -with bases in another part of flue same strand. 
[©©44J The team "capture oligonucleotide* 9 includes, bust is not limited to, a 

single-stranded sequtsoice of nucleotide bases, made up of the following segments of 
nucleotides progressing firaa the 3 9 tea-minus -to the S 9 terminus (note thai this description 
applies to a. sequence attached to a substrate at its 3 9 ©ad, buta capture sequence can.be 
similarly prepami for attachment at its 5 9 end): 1) a variable leagih sequence at the 3 9 
terminus complementary to a particular address oligonucleotide sequence; 2) a sequence 
of guanosime bases positioned . just 3 9 of the haixpin or stem-loop sequence; 4) a s^pa^ce 
of bases of variable length complementary to a sequence in the nucleic acid that is Gs> fee 
detected and measured, 5) a sequence that is complementary to the first 5 to. 13 bases in 
■the- -nucleic acid xeoogpition sequence- (note that this can include probes that use 
exclusively the loop region as the nucleic acid recognition; sequence), mz& teat HBpon 
.hybridization fbnns a hakpan or stem-loop secondary stracture; sasd 6) a sequence of 
bases of variable length ending at the 5 9 terminus that are complementary to the sequence 
of a Auorophoire-labeled reporter oligonucleotide. Heating the hairpinrforming sequence 
to its melting temperature car hybridization with the target nucldc acid can linearize the 
capture oligonucleotide. Bach functional segment in the atoove-dscribed capture " 
molecule can be re-arrang@dl as desired. In addition, the guanosine bases can beseplaced 
by .ote naturally occurring, modified or synthetic bases, provide! ihat durable 
fluorescence qpMoehing can be achieved. Other quenching moieties can also be 
employed in the capture molecule. 

P<M§1 The torn "address oligonucleotide 99 includes, bat is not limited to, a 

single-stranded sequence of nucleotide bases derivatized on either its 3 9 or 3 9 <m& with a 
functional group capable of forming a covalent bond with a functional group on a 

* * • 
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substrate. For the purpose of illustration only, the functional group on the address 
oligonucleotide could be an amino group and the functional group on the substrate could 
be a carboxyl group, thus enabling the formation of an amide linkage. The address 
oligonucleotide has a base sequence that is complementary to a base sequence at either 
the S 9 or 3* terminus of the capture oligonucleotide. Hybridization of the capture 
oligonucleotide with the surface-immobilized address oligonucleotide results m the 
tethering of the capture oligonucleotide to the substrate. Microarrays with a universal set 
of address sequences can be used for any targets simply by controlling the combination 
of the sequences of the address-binding region and the ta^et-binding region of the 
capture oligonucleotide. Also, the length and number of complementary bases in the 
address oligonucleotide can be varied to affect the desired strength of the tethesr (melting 
teffiapsasatare). 

. [004^11 The team "self-assembly" as used herein refers to the attachment of the 

.captons oligonucleotide to the surface substrate by hybridization with the address 

oligonucleotide, and also to the attachment of the reporter oligonucleotide to the capture 

oMgonucleotide by hybridi^tion. " 

[©®47I ' The term "guanosine bases" refers to one or more guanosine nucleotides 

in either a single-stranded nucleic acid sequence, or in a double-stranded nucMc acsd 

sequence in which the guanosine bases are base paired with cytosine bases. 

[®(D)48]1 The tesm "G-base quenchteig" describes the redosction in IhiMMnescmce 

emission of a fluorophore when in close proximity to guanosine bases in the sequence of 

a single or do uble-stranded nucleic acid. 

The phrase "target nucleic acid recognition sequence" ieprfcseafcs the 
single-stranded sequence within the capture oligonucleotide that is complementary to a 
sequence in a target nucleic acid. The target nucleic acid recognition -sequence can 
include any portion of tine sequence of the loop or one asm of the stem of the csptee 
oligonucleotide. The target nucleic acid recognition sequence can also be essclusively the 
sequence of the loop. In the case of mRNA, the sequence wouM be complementary to a 
sequence in the single-stranded mRNA. 

([MS®]] The term hairpin-forming sequence" refers to a sequence in (Siie^captee 

oligonucleotide that can form a hairpin structure. In one specsSc example, the hairpin- 
forming sequence is adjacent to, overlaps or includes the teget nucleic acM recognition 
sequCTce. 

12 



|[([I)([DS2LJ Tike term "quench" means a relative induction in- the fluorescence 

intensity of a fkaorescmt group as measured at a specified wavelength as well as the 
complete reduction, regardless of the mechanism by which the relative seduction is 
achieved. As specific examples, the quenching may be due to molecular collision, 
eneargy transfer such as FRET, a change in' the fluorescence spectrum .<color) of tike 
fluoresomt groiiEp or any other mechanism. The amount of the radiative reduction is not- 
critical and may vasy ov<sr a broad range. The only roquireaaent is that the reduction be 
reliably measurable by the detection system being used. Thus, a fluorescence signal is 
"qumched 9 * if its intensity at a specified wavelength is reliably ©educed by any 
measurable amount The reduction can be, for example, at least 10%, 2C%, 30%, 40%, 
50%, 60%, 70%, 80%, 90%, even 1C0%, as compared to the ordinal fflraresoent 



mtensaty. 

|(D)(11)S2]] The phrase "stably attached!, 99 means that an oligonucleotide maintains its 

relative posMcsa on a substrate during hybridization and subsequent signal detec&n. . An 
oligonucleotide cam be stably attached to a substrate by non-oovalent or eov 



The phrase "nncleic acid may hybridization conditions* are sequence- 
dent and will be differed m different circumstances. Longer sequences hybridize 
specifically at higher temperatures. An extensive guide to tfh© hybridisation of nucleic 
acids is found in Tijssen, Techniques in Biochemistry and Molecular Biolqgy— 
Hybridization with Nucleic Probes, "Overview of principles of hybridization, and the 
staSegy of raadldc acid assays" (1993). Generally, high stringent nuctec acid array 
hybridization conditions are selected to be about 5-10°C fowsr than the T m Hfor the 



specific sequence at a defined ionic strength pEL Low .striqgeoft nucleic acad ssnray 
hybridization condiftions are generally selected to be aboiist 15-30°C Mow fee. 
Typically, nucleic acid array hybridization conditions will be those in which the salt 
concentration is les&ihan about 1.0 M sodium ion, typically about 0.01 to 1.0 Medium 
ion concentration (or othe^ salts) at pH 7.0 to 8.3 and the temperature is at least about 
30°C for short probes (eg., 10 to 50 nucleotides) and at least about 6(fC for long probes 
(eg., greater than 50 nucleotides). Nuacleic acid array conditions can also include the use 
of destabilizing agents such as formamide. For selective oar specific hybridization, a 
positive signal preferably is at least two times background, and more preferably, is at 
least 10 times background. 



i- 

EL THE INVENTION. 

* 

[0©§4J In one aspect, the present invention features a nucleic acid complex which 

comprises a capture oligonucleotide hybridized to a fluorophore-labeled probe sequence. 
The capture oligonucleotide comprises a hairpinrfoniaing sequence and is capable of 
hybridizing under nucleic acid array hybridization conditions to a target sequence. Hie 
hairpin formation by the hairpin-forming sequence can modify the fluorescence signals 
of the probe sequence. Hybridization of the target sequence to the capture 
oligonucleotide disrupts the hairpin formation, thereby producing a detectable change in 
the fluorescence of the probe sequence. The detectable change may be a change in any 

» 

fluorescence property, such as intensity, maximum emission or esjcitaiion waveimgtlv ®$r 
fluorescence decay property* The modification of the fluorescence signals by the hairpin 
structure can bei ~ for example, G-base quenching or any othor fiuorescmce propel 
modification. 

[OOSSJ in one specific example, the nucleic acid complex includes both the target 

and probe sequences hybridized to the capture oligonucleotide. 

[©©StfSJ In another aspect, the present invention features a nucleic acid array 

which includes a nucleic acid complex. The nucleic acid complex includes a capture 
oligonucleotide hybridized to an anchoring sequence stably attached to a substrate of the 
nucleic acid array. The capture oligonucleotide also includes a hairpin-forming sequence 
' and is capable of hybridizing under nucleic acid array hybridization conditions to a.tasget 
sequence and a fluorophore-labeled probe sequence. Concurrent hairpin formation by 
the haixpin-forming sequence and hybridization of the probe sequence to the capture 
oligonucleotide modify the fluorescence signals of the probe sequence. Hybridization of 
the target sequence to the capture oligonucleotide disrupts the hairpin formation, thereby 
producing a detectable change in the fluorescence signals of the probe sequence. 
|0dPS71 The present invention contemplates any type of nucleic sod array, 

including bead arrays in which nucleic acid complexes are stably attached to numerous 
beads. The substrate of the nucleic acid array can be made of any material, such as 
glasses, silica, ceramics, nylon, quartz wafers, ^gels, metals, and paper. 
[OfflSS] .In one specific example, the nucleic acid complex on the nucleic acid 

array includes both the target and probe sequences hybridised to the capture 
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oligonucleotide. In mother specific example, the nucleic acid complex includes the 
probe sequence hybridized to the capture oligonucleotide. The nucleic acid complex also 
comprises a hairpin structure formed by the hairpin-forming sequence. Hhe fluorescence 
signals of the probe sequence are quenched due to the formation of die hairpin structure. 
P©59J In yet another aspect, the present invention features a method useful .for 

detecting or measuring a target sequence of interest The method includes the steps of 
hybridizing a capture oligonucleotide to a nucleic acid sample and a fitamophoire-labeled 
probe sequence, and detecting the fluorescent signals of the probe sequence. The capture 
oligonucleotide includes a hairpin-fosming sequence and is capable of hybridizing under 
nucleic acid array hybridisation conditions to the target sequence. Concaurrent . hairpin 
formation by the hairpin-&araning Sequence and hybridization of the. probe sequence to. 
the capture oligonucleotide modify . the fluorescence signals of to© probe sequence. 
Hybridization of the tasget sequence to the capture oligonucleotide disrupts toe hairpin 
formation, thereby producing a detectable change in toe fluorescent signals of toe probe. 



P®6®| In one embodiment for detecting and measuring toe class of nucleic acids 

known as snRNA (for example only as one class of nucleic acids that can.be. detected by 
toe method of the pnssmH mveation), . a haixpin or sten-loop structure of csptare 
oligonucleotide is synthesized using standard nucleic acid synthesis technique. Other 
tedhniques like polymerase chain reaction are known in to© sort and can h& used. to 
manutfactere to© captare oligonucleotide sequence. Although a saaagie sequence is 
described, it is understood that thousands of these sequences can be mad© and tested 
simultaneously in a g<5n© expression array. The components of to©, improved melhod are 
illustrated in Fig. 1 . For illustrative purposes, a single-stranded UNA oligonucleotide is 
shown, toe lengto of which can vary depending on toe requirements for detection as will 
become apparent in toe following description. Beginning at its 3* tmninus,; toe capture 
oMgonucleotide 1 has a sequence of variable length that is complementary to a single- 
stranded address oligonucleotide 2 that is attached to a substrate surface 3 such as glass 
or gold-coated silica. Watson-Crick base-pairing or hybridization of these two 



sequences results in toe attachment or self-assembly, of the capture oligonucleotide 1 to 
toe substrate surface 3. Continuing in a 5* direction, toe next required sequence is a 
series of guanosine (G) bases 4 in toe positions indicated The need for these guanosine 
nucleotides will be described below. Next in the S* direction is a sequence of 
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nucleotides, tlxat are complementary to a sequence in the mRNA of fih© gene to be 

- 

measured This mRNA recognition sequence 5 can be shorter or longer than shown in 
the illustration. Next is. a sequence of nucleotides complementary to nucleotides in the 
mRNA recognition sequence. In this hairpii>forming sequence 6, the number of 
complementary bases can be shorter or longer than illustrated Hybridization of these 
bases to their complementary bases results in the formation of a secondary structure 
called a hairpin or stem-loop 7. Finally, it can be seen in Fig. 1 that there is a "tail" 
structure consisting of unpaired nucleotides that form the 5' terminus of the capture 
oligonucleotide sequence. This 5' tail sequence 8 can be shorter or longer than that 
iUustrafied. The sequence of these bases is complementary to an oligonucleotide 
sequence called the reporter oligonucleotide 9. From the fflustration, it can be seen that 
the reporter oligonucleotide has a fhxorophore 10 attached at its 5* end. 
[OT<&1L] Certain fluorophores chemically attached to oligonucleotide s&ands will 

exhibit, a characteristic fluorescence emission when excited by light at a diar^eristic 
wavelength, and that this characteristic fluorescence emission is significantly reduced 
when these singJ<&-stranded oligonucleotides hybridize to complementary single-strands 
that have one or more guanosine bases in the vicinity of the fluorophore (§&e e.g., 
Morrison et al, (1989} Anal Biochem 183:231-244;. Seidel et sL (1996) J Phys Chem 
100:5541-5553; Broude et aL (2001) Nucl Acids Res 29:Nb.l9 ©92; Kurata et-aL<2001) 

r 

Nsacl Adds Res 29:No.6 ©34). Also see the following U.S. patents: livak -et d. 
5*723,591, Nardone el si. 6,117,986, Livak et aL 6,258,569, and HawMns, 6,451,530. 
The reduction in fluorescence emission when the fluorophore is in close proximity to the 
guanosine bases is known as Obase quenching and has been described in detail in the 
scientific literate®, see e.g. Torhnura et al., <2001) Anal Sci 17:155-1^0; Zahavy and 
Fox (1999>, J Phys Chean B 103:9321-9327; Crockett and Wifctwea: (2001), Anal 
Biochean 290:89-97. to «Ms configuration tFig.. 2A), first stand 1 is toasopaired to 
secoad stand 2, and second strand 2 has a series of guanosine i(<3) bases 3 that are in 
dose proximity to fluorophore 4 when strands 1 and 2 axe base-pairedL Similarly, 
fluorescence emission of a fluorophore can be quenched (Fig. 2B) if a single-stranded 
oligonucleotide forms a hairpin or stem-loop configuration 5 that brings fluorophore 6 
attached to a base at one end of the strand into close proximity to guanosine bases 7 on 
the other end of the same strand, see e.g. Walter and Burke (1997) 5RNA 3:392404. 
However, in the method of the invention <Fig. 2C), we have discovered that a seporter 
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oligonucleotide 8 with an attached fhiorophore 9 hybridized to a smgl^steaaded 
oligonucleotide with the potential of forming a hairpin or -stem-loop configuration 10 
will have its fluorescence emission quenched if there are guanosine bases. 11 in 
vicinity of the fluorophore 9 when the structure is in the hairpin off. stem-l 
configuration 1 0. 

[tWXS2]| The invention allows an oligonucleotide' sequence to be quickly 

inesqjensively labeled with a ffluoraphore, and obviates fine need to chemically label - a 
longer sequence with a fluorophore. Labeling of loader sequences' is more difficult and 
requires more expOTisive and tam^wnsuming purification procedures. Because the*same 
5* tail sequence complementary- to the reporter oligonucleotide can be added to each 
captor© oligonucleotide, only a single fiuorophore-labeled reporter oligonucleotide needs 
to be ma^fectured in order to detect teas of thousands of gene sequences in an array. 
The boaeffit of only labeling one nucleotide sequence with a fiitaorophore Should be' 
appastsmt. Moraov<gr, the attachment of the reports oJ^onucleotide to the- capture 
oligonucleotide, as was sem in the attachment of the capture oligonucleotide to the 
address sequmce, is done throBgjh self-assembly, thus msfeing the addition of a 
fftoorophore to the capture oligonucleotide as simple as mixing the reporter and -capture 
oligormclleotides togeflhsr undtar conditions that allow hybridization. 
P©<S3]] to gsks mode of operating "the present invention, the hairpin car ^Seas^ls^p 

configuration 1 of capture oEgonucleotide 2 is heated to a ftamp^atar© that cau$ss t|ke 
secondasy structure to linearize (Fig. 3A). When this occurs, the fflmjtcptere 3 <m Ike 
reporter oligonucleotide 4 is no lounger in dose proximity to the guanosine bases S, r%dl 



ice is no longer quenched. If a nuadteic acid strand like a mMNA 6 Ghat 
rs a sequence ©omplOTJientary to the mRNA recognition sequence 7 in ite^c^tuje 
oligonucleotide 2 is added to the heated capture oligonucleotide (M the qpm 
configuration), ssmS then the system is allowed- to cool,, the mRNA 6 will hybridize with 
the capture oligonucleotide 2 thus preventing the formation of the hairpin oar steanrfoop 1 
secondary structure (Fig. 3B). This prevents the quenching of the ffluorophore 3 on the 
.reporter oligonucleotide 4. If on the other hand, the complementary mRNA sequence is 
not present in the test sample (Fig. 3G), the hairpin or-stem-loop configuration 1 of the 
capture oligonucleotide 2 will reform upon cooling and the fluorophoare 3 on the fcsporfcer 
oligonucleotide 4 will onos again be in close proximity to the guanosine bases 5 on the. 
capture oligonucleotide 2, and thus its fluorescence will be quenched. ITheaefose, the 
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presence of a target nucleic acid in a biological sample is indicated by an inhibition of 
fluorescence quenching. ' 

. [0064] A further advantage of the configuration is the ability to generate internal 

references of fluorescent intensity in order to mathematically estimate target nucleic acid 
concentrations. In the absence of target nucleic acid, fluorescent intensity can be 
measured with all hairpin or stem-loop structures in the quenched state by coolings 
generating a closed-configuration reference signal. In the presence or absence of tssget 
nucleic acid, fluorescence intensity can be measured when all hairpin or "Sfesm-loop 

* - ■ * 

structures are in the open state by heating to a temperature that causes the secondary 
structure to linearize (Fig. 3 A), generating an open-configuration reference signal. Either 
or both of these fluorescent intensities can be used as reference signals for comparison to 
determine the presence of target nucleic acid in a test "sample. Fluorescent intensities 
approximately equal to the closed-configuration reference signal indicate the. absence or 
very low. concentrations of target nucleic acid. Increasing fluorescent intensities, 
approaching the opCT-configuration reference signal, indicate increasing concentrations 
of target nucleic add. * 

[0065|' Because a method of the invention detects and measures nucleic acid 

sequences using self-assembly through hybridization, one of the design .considerations 
involves the temperature at which each set of hybridized oligonucleotides dissociates or 
melts (melting temperate© or T^. Although the specific sequence of bases in toe 
address, hairpin, and reporter oligonucleotides can be varied, the mixture of A,T,C, and 
G bases may be preferred as it determines the temperature at wMeh two base-p&ired 
strands dissociate or melt. In particular, T m of double stranded oligonucleotides is 
influenced by the relative numbers of G and C bases generally according to the formula 
X m =» 69* C + 0.41 (molar % G-C)-650/average length .of probe. The dependence of 
of the stem region of the hairpin on the base sequence can be predicted Scorn the See 
energy of formation of the stem hybrid calculated using DNA folding program such as 
the Zuk& folding program. Although it is not necessary in a method of the invention to 
open the hairpin by : heating before hybridization with target nucleic acid, fee 



hairpin by heating will facilitate hybridization with target Therefore, 
the melting temperatures of the address oligonucleotide and reporter 
respective complementary sequences in the capture 
btan the temperature used to melt the hairpin. In addition, it is 



advantageous to have the melting temperature of the tasget nucleic acid strand with the 
nucleic add recognition sequence higher than the melting temperature of the haixpin- 
foinrrnimg sequence hybridized to the hairpin sequence. This facilitates the capture of the 
target nucleic acid by allowing it to hybridize to the tasget nucleic add recognition 
sequence at a temperature that maintains the hairpin in the open configuration. Even a 
10° C difference in melting temperatures is more than sufficient to allow the melting of 
the hairpin structure without the release of the capture oligonucleotide & 



■■tiiiii, 



oligonucleotide or the release of the reporter oligonucleotide torn its complementary 
sequeaiice on the tail of the capture oligonucleotide. Techniques for themioc^ling with 
precise temperature control are well known to those 'skilled in the art Mm®ov&r 9 one 
skilled in the art through the us© a variety of commercially available and fiwwfiware 
programs for designing nucleotide probes can easily accomplish calculation of melting 



tempesatures.- 

pDXDXStfSJ The present invention will be more clearly umdexstood &ran the following 

specific examples. These examples are provided solely for flhastratiye' purposes 
should not be construed to limit the scope of the invention in any way. 
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pxDkSTJ To ffiustaate the operation of the present mventnon, ^w^TM ^stum^ were 

perforated in which a specific nucleic acid sequence was dei&ected in solution 
hairpin capture oligonucleotide to which was attached a fiuorophore-labdled 
oligonucleotide. The nucleac acid sequences detected were all fflrom tihe murine B7.2 
gesae; see GenBank BQSJ3807, GI:1 5489434. 



G©aeral Materials md. Methods 



[®(D)($S1. Tine following oligonucleotides wore custom -synthesized by Integrated 

DMA Technologies, Inc. (3DDT, Coralville, IA) or Synthetic Osnetics, inc. (San Oiego, 
CA). The base sequences were, designed with the aid of OKgoAnalyzer 3.0 soiffcware 
fom IDT to achieve specific melting temperatures, and to minimize the 1[brniation of 
self-dimera, mwanted hairpins, and cross-hybridization. Note that all sequences a*e 
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given in the 5' ->*3* orientation. One or mora of the following oligonucleotides was 
used in the examples one through five: 

[0069] Reporter . Oligonucleotide (RO-TAMRA): TAMRA- 

.AAAATCCACGCACCCCAO^C (SEQ ID NO:l). This S'-TAMRA-tibeled 
oligonucleotide is complementary to the 5* tail sequence of the capture oligonucleotide. 
[0070J Reporter Complement (RC): <XKnX3GGGTGGGTGGAm {SBQ ED 

NO:2). This oligonucleotide is complementary to the reporter oligonucleotide, and was 
used to detennine if a G base five nucleotides away from the TAMRA fluorophore could 
casuse quenching. 

[0071] ' Capture . Oligonucleotide • <CO): 

GGGTGGGGTGGGTG^ 

GTFTGGGCCCCTCCTCCl^ (SEQ m NO:3). TMs . 79-mer 

oligonucleotide has a short nucleotide sequence complementary to a sequence in the 
murine B7.2 mRNA. - 

[00721 ' Control Capture . Oligonucleotide. . IgCCO): 

GGOTGGGGTG^ 

GlTTTTTCCCCTCCTCCTC (SEQ JD NO:4). This oligonucleotide has 

the same sequence as the capture oligonucleotide except that three thymines replfice three 
guanines at positions. 23 to 25 (feom the 5* terminus). 

[00731 24tosr Tasget Sequence . {24ra&es): 

CCCAAACTTACGGAAGCACCCAOG (SEQ ED NO:5). IMs o%onudteotide 
represents a target thai is complementary to 24 nucleotides in fee taxgefc recognition 
sequ^ice m the GO mdlCCO. 

[0074J B7-67te«sr Target Seqaaenc© . 4&7^7paer). 

CCAGAACTFACGGAAGCAC^^ 

GCAATCCITTATCTTTG (SEQ ED NO:6). This oligonucleotide presents a segment of 
the murine B7.2 mRNA sequence. Its sequence is complementary to the 22 nucleotides 
in the mRNA reception sequence. 

[007SJ Address Oligonucleotide with Disufide (AO/SS): 5%dfisulfide- 

GGAGGAGGGAGGAGGAGOGG (SEQ ID NO:7). TMs oligonucleotide has a 
disulfide group at the 5* end that enables its attachment to the substrate. Hybridization 
of the capture oligonucleotide to tins address oligonucleotide results in the sur&ce 
attachment of the nature sequence. 

■ ■ 
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Preparation of Nucleic Acid Samples 

[©©7(51 The oligonucleotides were dissolved in TE buffer {Tris-EDTA buffer: 10 

■ - 

mM Tris-HQ, ImM EDTA, 1 M NaCl, ^pH 7.7). The TE buffer solutions were 
prepared with doubly distilled water (Bamstead MegaPure 3 system) and filtered with a 
sterile, 0.2 pm nylon syringe filter (Nalgene™)- before used. . . 

Fluorescoice Spectroscopy 

I®®??! All fluorescence spectra were collected with a Spex Fluorolog .3 

fluorescence spectrometer (Instrument S.A., Inc., New Jersey). Both, excitation and 
©amission monodhromstors utilize double mechanically blazed planar. Ratings. 
Emissions from solutions in cuvettes were collected at 90° with respect to the inddent 
light The samples were excited at 555 am and the emission spectra were collected in 
one single scan in the wavelength range of 570-675 nm (with an increment of 1 nm and 
integration time of OS s). 

[©(D)78]] Variable temperature experiments were performed using a snaggle cell 

sample heater/cooler holder (model FL 1027, JY Inc., New Jersey). The temperature of 
the sample holder was varied by circulating water 6om a temperature-control water 
bath (Fisher Scientific Model # 9150). After the desired tenperatsJre was at&ai&ed, a 
cuvette containing the sample was placed in the jacketed sample holder and the solution 
was. equilibrated for 5 minutes. Longer equilibration time was avoided to minimize 
evaporation of solvent. The difference in the actual 'sample temperature from the 
temperature readout of She circulator was calibrated as follows. After the desired 
temperature of the wste circulator was attained, a TE buffer solution in a cuvette was 
placed in the sample holder to equilibrate for 5 minutes. The actual temperature of the 
buffer solution and the temperature of the circulating water in the circulator were 
measured using a thermometer and compared to the temperature sead out of the 
circulating bath. The temperature values for all experiments described below were the 
corrected temperatures of the samples. 
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Example 1 . Evidence for the fluorescence quenching of RO-TAMRA by G bases on 
the hairpin loop of the capture oligonucleotide 

♦ 

P079J .To evaluate the effectiveness of the G-bases 1 (shown in Fig. 4B) in the 

hairpin loop of CO 2 in quenching the emission of 3, the changes in 

fluorescent emission of RO-TAMRA 3 upon hybridization with RC 4 (Fig. 4A), CO 2 
(Fig. 4B), and CCO 5 (Fig. 4C), respectively, were compared. Three aliquots 1-3 (600 
jaL each) of a 1.5 x 10* M solution of RO-TAMRA were prepared and their fluorescent 
emission spectra recorded. Small volumes of the Solutions {~8.8 x 10 4 M m 
concentration) of RC (2 jaL), CO (-1.1 pL\ and CCO (1 -pL) were added to solutions 1- 
3, respectively. The fluorescent emission .spectra of the resultant -solutions were recorded 
at 25 °C. To fedlitate the comparison of the fluorescence intensities of different 
solutions, all emission spectra were normalized. The maximum emission intensity , of 
each solution of RO^TAMRA before the addition of other oligonucleotides was 
considered as 100% (Figure 5a). The relative emission intensities of fee solutions after 
flue addition of RC, CO, car CCO with respect to the maximum emission intensity before 
4he addition of RC, CO$ or CCO ware calculated. 

([0(p)8(D)l As shown in Figure 5b, a small decrease j(~ 6 %) in emission intensity of 

RO-TAMRA was observed upon hybridization with RC. This moderate quert&Mng may 
have been due to the presence of a G base Ave nucleotides away fiona TA&iXA, or 
perhaps due to the moderate quenching effects of other nucleotides in the RC sequence. 
On the other hand, a much larger decrease (-40 %) in emission intensity of RO-TAMRA 
was observed upon hybridization with CO in the hairpin-closed form (Figure 5c). Tfcsse 
results strongly indicated that G bases on the haiipin loop segment of CO quenched 
TAMRA fluorescence. However, to verify the G base quenching, we designed COO in 
which three G bases were replaced by three T bases 6 as shown in Fig. 4C. Hybridization 
of RO-TAMRA with CCO resulted in only about 6 % fluorescence quenching of 
TAMRA (Figure 5d), similar in magnitude to the queiftching by RC. This result 
indicated that the G bases on the closed hairpin loop that were in proximity to TAMRA 
mainly caused the laxge quenching effect of CO. ■ 
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Example 2. Detection of 24mer target oligonucleotides by hybridization with CO in 
the hairpin-opened form 

[0081] A 24-mer strand (24mer) complementary to the mRNA recognition 

sequence of the CO was used to demonstrate that the hybridzation of target 
oligonucleotide 1 traps the CO 2 in the hairpin-opened form (Figure 6A) and thus 
decreases the quenching of RO-TAMRA 3 by the G bases 4 in the hairpin section. 
Control experiments were performed using CCO 5 (Figure 6B) instead of CO 2. 
[0082] Hie solutions listed in Table 1 were prepared. Solutions 6 and 8 were 

heated to 76 °C for 10 min to open the hairpins and then cooled to 25 °C to allow 
hybridization with the target 24mer. After the fluorescent emissions from solutions 1-4 
were recorded, 2-jiL aliquots of solutions 5-8 were added to solutions 1-4 respectively to 
give solutions la-4a. The fluorescence emissions from solutions la-4a were then 
recorded. The maximum emission intensity of the solutions 1-4 before the addition of 
other oligonucleotides was considered as 100 (Figure 7a). The relative emission 
intensities of the solutions la-4a with respect to the maximum emission intensity before 
the addition of RC, CO, or CCO wore calculated. 



Table 1. Solutions used for studying the effect of target 24meron the emission intensity 

of the ROCO hybrid 



Solution # 


Con 


^position 




RO 


GO 


GCO 


24mer 


(600 jiL each) 


1.5x10* 
M 


0 


0 

' w * 


0 


5 


0 


9.7 x 10* M 


0 


o 


6 


0 


4.9 x 10* M 


0 


l.OxlO^M 


7 


0 


0 

*- „ 


9.7xW*M 


o 


8 


o 


0 


4.9x10-"!^ 


1.0xlO°M 


la 

(2 \iL of S added to 1) 


1.5x10"* 
M 


3.2xlO*M 


0 

■ 


o 


2a 

(2 \iL of 6 added to 2) 


1.5x10-" 
M 


1.6xl0*M 


0 


3.3xW^M 


3a 


1.5x10"* 


0 

< 


3.2xl0*M 


0 
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(2 uL of 7 added to 3) 


M 


• 






4a 

(2 uL of 8 added to 4) 


1.5x10* 
M 


0 


1.6xl(T*M 


3.3 x 10* M 



[0083] As shown in Figure 7 and Table 2, the hybridization of CO in the closed 

hairpin form to RO-TAMRA led to significant quenching (-25 %) of the TAMRA 
emission by the G bases in the hairpin section of the CO (Figure 7b). Prehybridization of 
the target 24mer with CO trapped the hairpin in the open form. As a consequence, the 
hybridization of this opened hairpin with RO-TAMRA resulted in a much weaker 
quenching (-13 %) of the TAMRA emission (Figure 7c). As expected, the intensity of 
emission from the hairpin-opened RO-TAMRA-CO- 24mer hybrid {Figure 7c) was 
similar to the emissions from the ROTAMRA-CCO hybrid (Figure 7d) and the RO- 
TAMRA-CCO-24mer hybrid (Figure 7e) since all three hybrids were only quenched by 
the G-bases in the sequence complementary to RO-TAMRA. It should be noted that in 
the absence of CO or CCO, the addition of excess 24mer to RO did not cause observable 
change in the fluorescent emission of TAMRA. This result confirmed that there was no 
direct influence of 24mer on the fluorescent emission of RO. 

Table 2. Summary of the studies on the effect of target 24mer on the emission intensities 

of the RO-CO and RO-CCO hybrids 



Solution 


Percent Decrease in 

< 

Emission Intensity (%) 


l(ROonly) 


0% 


la(RO + CO) 


25% 


2(ROonly) 


0% 


2a 0*0 + CO +24mer) 


13% 


3 (RO only) 


0% 


3a (RO +CCO) 


12% 


4(ROonly) 


0% 


4a (RO + CCO + 24mer) 


10% 


RO + 24mer 


0% 
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Example Detection of 24mer target oligonudeotides by hybridization with CO 
without cheating CO to the hairpin opened form 

- 

[©0841 This example illustrates an alternative procedure for detecting target 

nucleic acid without preheating the capture oligonucleotide to the hairpin opened form 
and prehybridization of the target with the hairpin opened capture oligonucleotide. In 
this example, of a -1.7 x 10~ 7 M solution of RO-TAMRA was prepared and the 

fluorescent emission spectrum of the solution was recorded (Figure 8a). Small voliames 
of a solution (—1.0 x 10 4 M in concentration) of CO were added to the . solution of KO- 
TAMRA until no further decreased in .fluorescence intensity of the solution was 
observed. A small volume (3 j&L) of a solution <~9.2 xlOF 5 M) of taxge04mer was then 
added and allowed to hybridize with the R0-CO hybrid. The -concentrations KO- 
TAMRA, CO, and 24iner tasget in the resultant solution were approximately 1.7 x Iff 7 
M, 3.4 x W 7 Mp and 4.6 x 10 ~ 7 M, respectively. The change in fluorescence intensity 
was monitored. . As shown in Figure 8 and Table 3, after the addition of 2 j&L of CO to 
hybridized RO-TAMRA, a large decrease <~45 %) in emission intensity of RO-TAMRA 
was observed (Figure 8b>. Hybridization of 24mer with R.O-GO trapped .the capture 
oligonucleotide in the hairpin-opened form, and thus reduced the quenching of tAMRA 
emission and resulted in an increase in emission intensity by —30 % j(Figure 8c). 

Table3. Summary of <he effect of target 24mer on fhe emission kttensities of file RO- 
OD hybrids 
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Example 4. Detection of B7-67mer target oligonucleotides by hybridization with CO 
in the hairpin-opened form 

[0085] In this example, 600-jiL of a 1.7 x 10~ 7 M solution of ROTAMRA was 

prepared and the fluorescent emission spectrum of the solution was recorded (Figure 9a). 
Small volumes of a solution (1.0 x 10" 4 M in concentration) of CO were added to the 
solution of RO-TAMRA until no further decreased in fluorescence intensity of the 
solution was observed. A small volume (3 jiL) of a solution (9.2 xl0 5 M) of target B7- 
67mer was then added and allowed to hybridize with the RO-CO hybrid. The change in 
fluorescence intensity was monitored. As shown in Figure 9 and Table 4, after the 
addition of 2 \iL of CO to hybridized RO-TAMRA, a large decrease (—45 %) in emission 
intensity of RO-TAMRA was observed (Figure 9b). Hybridization of B74>7mer with 
RO-CO trapped the capture oligonucleotide in the hairpin-opened form, and thus reduced 
the quenching of TAMRA emission and resulted in an increase in emission intensity by 
-10 % (Figure 9c> No change in emission intensity of TAMRA was observed when B7- 
67mer was added to a solution of RO-TAMRA in the absence of CO. This confirms that 
there was no direct influence of B7-67mer on the fluorescent emission of RO-TAMRA 
(Table 4). 

Table 4. Summary of the effect of target B7-67mer on the emission intensities of the 

RO-CO hybrids. 



Solution 


Percent Decrease in Emission 
Intensity (%) 


ROonly 


0% 


RO + CO 


-45% 


RO + CO + B7-24mer 


-35% 



Example 5. Effect of AO-SS on the emission intensities of the RO-TAMRA- CO and 
RO-TAMRA- CCO hybrids 

■ .... 

[0086] Further quenching of TAMRA in RO-TAMRA-CO by hybridization with 

an address oligonucleotide that is rich in G bases at die 3' end could maximize the 
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difference in emission intensity between the hairpin-closed form and the opened form 
upon hybridization with target strand. In this example, solutions of RO-TAMRA (1.7 x 
10* 7 M> hybridized with CO (2.0 x lOT 7 M) or CCO (2.0 x 10" 7 M) in TE buffer were 
prepared. The fluorescence emission spectra of these solutions containing the RO-CO 
and RO-CCO were shown in Figure 9a and 9b, respectively. To each solution was then 
added 1.2 uL of a 1.0 x 10" 3 M solution of AOSS. The concentration of AOSS in She 
resultant solutions was ~ 2.0 x 10 6 M. As shown in Figure 10 and Table 5, the 
hybridization of flue RO-TAMRA-CO hybrid with AO-SS decreased the : fluorescent 
emission of RO-CO by about 14 % (Figure 10c). Since the spatial separation of the G 
basea-at the 3* end of AO-SS feonn TAMRA in the ROTAMRA-CCO hybrid should be 
similar to that in the ROTAMRA-CO hybrid, similar quenching effect of AO-SS on the 
emission iom RO-TAMRA-CCO was observed (Figure lOd). In the absence of a 
capture oligonucleotide, the addition of excess AOSS to RO-TAMRA did notrause any 
observable change in the fluorescent emission of TAMRA. TMs confirms that there was 
no direct quenching of RO-TAMRA emission by AOSS when they were separated in 
solution. 

Table 5. Summary of the effect of AO-SS on the emission intensities of the RO- 
TAMRA- CO and RO-TAMRA- CCO hybrids 



1 

§<D>tot&pna 
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RO-TAMRA -CO + AO-SS 


-14% 


RO-TAMRA -CCO + AOSS 


-12% 



Example 6. A single base change in a 15-mer-taxget sequence can be detected 

[©©871 The experiment described in this example was performed with a slightly 

modified technique. Here, 4 mL of a 1.0 x 10^ M solution of RO-TAMRA in TE buffer 
was prepared. The solution was heated to 76 °C and then cooled to 18 °C using a 
temperature-controlled circulating water bath {Fisher Scientific model 9105). The 
temperature of the solution was monitored using a digital device (Omega Digtcator 
modeHl 0B-THC-C) equipped with a probe (Model LN2002 702A) that was inserted 
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into the solution. Fluorescence emission spectra of the solution were recorded upon 
every two-degree decrease in temperature until a temperature of 18 °C was readied. 
Emission intensities were calculated with respective the emission of the &£>TAMRA 
solution a4 18 °C. Hie sequences, of the nucleotides used in this example are provided in 
Table 6. 



Table 6. Nucleotide sequences used in Example 6 



RO-TAMRA 


5'-TAMRA-linker-AAA ATA ACC AGC CAC CCA CCC 


CO 


GOG TGG GTG GOT GOT TAT TIT CCC TT A CAT CGI" 
GGG TGC TTC CGT AAOGGT43GG AGO GAG GGA 

GGG AGA G <5EQ..K> NO:8) 


B7-67imes: 


CCA GAA CTT ACQ GAA OCA CCC ACG ATG GAC CCC 
AGA TOC ACC ATGOGC TPG OCA ATC CTT ATC TTT 

G jCSBOJGD NO:9) • . 


T3 


GGA AGC ACC CAC OAT {SBQ ID NO: 1 0) 


SM 

- 


*** 

GGA AGA ACC CACOAT <SEQ ID NO: 11) 



[©©88] Figure 1 1 shows that the emission intensity of T&OTAMRA increased 

with decreasing temperature because of reduced non-radiative decay. To demonstrate 
that a single base mismatch in a ISmer sequence complementary to a sequence in the 
loop of CO can be detected* a few \iL of a W s M solution of T3 or SM was adbded to a 
solution of the self assembled CO + RO-TAMRA (ItT 8 M) prepared as described above. 
The emission spectra of the solutions were monitored when the solutions were cooled 
feom 76 °C. The relative emission intensities of the solutions with sespect to the 
maximum emission intensity of RO-TAMRA at 18 °C were-calculated. The sequence of 
T3 is complementary to the CO loop region only and has a melting temperature of ~^60 
°C. SM differs from T3 in only one base at position 6. The presence of one mole 
equivalence of T3 trapped RO-TAMRA + CO in the hairpin opened form and increased 
the emission intensity to -80% at 18 °C. Compared to T3,-SM binds to 'RO-TAMRA + 
CO at a lower temperature and is less* effective in keeping BtO-TAMRA + CO in the 
hairpin-opened form. Consequently, the eamission profile of the RO-TAMRA + CO + 
SM hybrid differed significantly from that of RO-TAMRA + CO + 13 and less intense 
TAMRA emission was observed for RO-TAMRA + CO + SM at 18 °C. 
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[0089} As summarized in Table 7, the emission intensity of ROTAMRA + CO 

at 18 °C was 48% of the value obtained with ROTAMRA alone (this value was 
normalized to 100%); CO + RO-TAMRA was prepared by adding a few jiL of a 
concentrated solution (1(T 5 M) of CO to the solution of RO-TAMRA (10~* M) to give 
one mole-equivalence of CO with respect to RO-TAMRA. the resultant solution was 
heated to 76 °C and then cooled to 18 °C. Emission spectra of the solution woe 
recorded upon every two-degree decrease in temperature until a temperature of 18 °C 
was reached. B7-67mer added before cooling maintained the stem-loop in the open 
configuration and gave an emission intensity of 88%. As expected, when T3 was added 
the smaller 15mer was slightly less effective at keeping the stem4oop in the open 
configuration (emission intensity of 82% at 18 °C). However, when SM was added, the 
emission intensity at 18 °C was only 70%, indicating that only a single base mismatch 
with the complementary sequence in CO can be detected. In a microarray application, 
tins allows sequences differing in only a single base to be identified, and would forestall 
cross reactivities between similar nucleotide sequences, a major problem with current 
gene microarrays. It can also be used for the analysis of point mutations in gene 
sequences. 

» • » 

Table 7. A sing le base change in a ISmer target sequence can be detected as a change in 

emission intensity 



Solution 


Normalized Emission Intensity 
atl8°C(%) 


RO-TAMRA 


100 


RO-TAMRA + CO (1.0 equiv.) 


48 


RO-TAMRA + CO + B7-67mer 


88 


RO-TAMRA + CO + T3 


82 


RO-TAMRA + CO + SM 

< 


70 
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